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(57) ABSTRACT

The invention relates to a friction ring for a synchronizer unit
(2) of a gear changing transmission, which friction ring
includes a conical friction ring body (3) having an inner
friction surface (301) and an outer installation surface (302)
preferably configured as a further friction surface which fric-
tion surface (301) and installation surface (302) respectively
bound the friction ring body (3) in a radial circumferential
direction (U) extending perpendicular to a axial friction ring
axis (4) in which the inner friction surface (301) conically
extends along the friction ring axis (4) at a pre-determinable
friction angle (., ) and the outer installation surface (302) also
conically extends along the friction ring axis (4) at a pre-
determinable installation angle (c.,) respectively. In accor-
dance with the invention the friction angle (a.,) is different
from the installation angle (c.,). Furthermore, the invention
relates to a synchronizer unit (2), as well as to a gear changing
transmission for a vehicle.
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FRICTION RING, SYNCHRONIZER UNIT,
AND GEAR CHANGING TRANSMISSION
FOR A VEHICLE

The present application claims priority under 35 U.S.C.
§119 of European Patent Application No. 12172322.5 filed
on Jun. 18, 2012, the disclosure of which is expressly incor-
porated by reference herein in its entirety.

The invention relates to a friction ring for a synchronizer
unit of a shiftable gear changing transmission, to a synchro-
nizer unit, as well as to a gear changing transmission for a
vehicle in accordance with the preamble of the independent
claims.

In a mechanical shiftable gear changing transmission, for
example, in vehicle transmissions, synchronizer rings serve
to match the relative speeds between the gear wheel and the
transmission shaft occurring during a gear shift to one
another. In this respect the synchronization is achieved by
means of friction between the corresponding friction part-
ners. The mode of operation of such transmissions and the
sequence of the synchronization process are known per se and
do not need to be explained to the person skilled in the art in
this context any further in detail.

Providing the friction surfaces of synchronizer rings,
which are generally made of metal or a metal alloy, such as,
for example, brass or steel, with a friction layer, is known for
protection against premature wear and/or for the improve-
ment of the friction characteristics. In this respect many dif-
ferent types of friction layers are found in use, for example,
thermal spray layers of molybdenum, carbon friction layers
or friction layers made out of other materials.

Synchronizer units for gear changing transmissions or
individual components of synchronizer units are described in
the prior art in a variety of ways and in detail.

Thus manual transmissions and dual clutch transmissions,
for example, are the dominant type of transmission in many
applications today in the small and medium car sector, in
particular for front-transverse drives. The shifting character-
istics of these types of transmissions is essentially determined
by the synchronizer, whose fundamental principle is today,
like in the past, based on the so-called Borg Warner Concept,
which was described in detail for the firsttime in EP 1 507 091
B1. The requirements which are becoming increasingly
important for the system synchronizer are a high efficiency
for realizing short shifting times with small shifting forces
and a high comfort in shifting.

In this connection the geometric design of a classic Borg
Warner synchronizer with regard to efficiency and comfort in
shifting is determined by a conflict of objectives. A high
efficiency is achieved by small cone angles of the friction
paring; the reinforcing effect of the cone generates high syn-
chronization torque despite small operating forces. In con-
trast to this the self-locking effect, which prevents a release of
the friction surfaces and substantially and noticeably influ-
ences the driver’s comfort in shifting, sets a natural lower
limit for minimization of the cone angle. Thus optimizing a
synchronizer always entails a compromise between effi-
ciency and comfort in shifting.

The dominant type of synchronizers used in the transmis-
sions known best to the person skilled in the art, e.g. manual,
automated manual and dual clutch transmissions, are adapted
in the conventional Borg Warner design in accordance with
EP 1507 091 B1, Due to constant demands for better shifting
performance and higher torque, sophisticated multi-cone sys-
tem synchronizers have been developed on this basis, with
double, triple and for certain niche applications even with
quadruple friction surfaces. These highly developed synchro-
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nizer modules have increased performance and torque capaci-
ties due to the plurality of friction surfaces and the advanced
friction material properties. Nevertheless, they also increase
the complexity, cost and last but not least the weight of the
corresponding transmission.

Although these types of synchronizers have been continu-
ously optimized in terms of manufacturing processes and
performance, a design conflict has remained up to now.

One of the most critical features in the construction of
synchronizers is namely the design of the angles of the
involved conical friction surfaces. This important feature
determines two main functions:

On the one hand, the synchronizer performance. In com-
bination with the diameter of the cone and the coefficient of
friction between the gear wheel and the cone surface of the
synchronizer ring, the cone angle is namely one of the most
important factors in determining the friction torque. Reduc-
ing the cone angle increases the torque. The shifting force is
thereby decreased and shorter synchronization times can be
realized.

However, on the other hand, also the shifting quality in
terms of the release of the friction cones at the end of syn-
chronization. The cone angle has a significant influence on
the determination of the quality of the shifting sensation for
the driver. Too small of an angle can generate undesirable
effects, such as, for example, blocking or secondary pressure
points.

A small cone angle is required in order to achieve a maxi-
mum shifting performance. However, a large cone angle is
required in order to optimize the design in terms of shifting
quality. A design trade-oft with regard to the design thus
results from this for conventional synchronizers.

For this reason, depending on the requirements, differ-
ences in design for the different transmission types exist in the
prior art. For example, the focus is on synchronizer perfor-
mance for dual clutch transmissions and less so on shifting
quality. In contrast to this manual transmissions attempt to
reach a balance between performance and shifting quality.

In this connection, in order to increase the synchronizer
performance with regard to small shifting forces and short
shifting times, torque capacities must be increased as was
already mentioned. However, every synchronizer is limited to
a specific attainable performance through its design and
application, be it by its diameter, coefficient of friction or the
minimum cone angle.

In general, the design engineer was previously only able to
add additional friction surfaces in order to increase perfor-
mance or torque capacities, i.e. this means from a single cone
to multiple cones. Nevertheless even for additional friction
surfaces the torque capacities have functional limits due to the
cone angle.

During the actual synchronization, the applied force (F)
controls the synchronizer having the reaction forces F . and
F, .. With the aid of a coordinate system, this can then be split
into F, (friction) and F,, (normal force), in which the angle p
is equal to p=tan~'p and c. is the cone angle. For the system to
be in equilibrium, a force F,, which is the tangential force in
the material, must counteract the radial force F, ;.

During the release, a force additional to the force F,; is
required to separate the ring from the gear wheel cone. The
friction force F; now points in the opposite direction from
during the synchronization process and a<tan™'y (u is the
static coefficient of friction). This effect is referred to as
self-locking and negatively affects the shifting quality. The
functional limit for all synchronizers is o>tan™p1.

If the cone angle is further reduced within the system to
improve torque capacities, the level of secondary pressure
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points also increases due to self-locking. Thereby the shifting
is perceived, as unpleasant. In extreme cases, it can also bring
about the effect that the system is completely blocked.

Thus the object of the invention is to provide an improved
synchronizer mechanism and the components necessary for
the synchronizer mechanism so that the disadvantages
described in the introduction and known from the state of the
art can be avoided. The trade-off with regard to efficiency and
comfort in shifting should in particular be solved by the
present invention. This means that, on the one hand, a high
efficiency of the friction pairing should be achieved, i.c. a
reinforcing effect should be achieved, so that the cone can
generate large synchronization torques despite small operat-
ing forces. On the other hand, the self-locking effect which
prevents or impairs the release of the friction surfaces and
substantially and noticeably influences the driver’s comfort in
shifting should be avoided if possible or reduced to an accept-
able degree. The object of the invention is therefore an opti-
mization of the synchronizer without having to account for
the compromise between efficiency and comfort in shifting
which are necessary in the state of the art.

The subject matter of the invention which satisfies these
objects is characterized by the features of the independent
claims.

The independent claims relate to particularly advantageous
embodiments of the invention.

The invention thus relates to a friction ring for a synchro-
nizer unit of a gear changing transmission, which friction ring
includes a conical friction ring body having an inner friction
surface and an outer installation surface, which outer instal-
lation surface is preferably configured as a further friction
surface, and which inner friction surface and outer installa-
tion surface bound the friction ring body in a radial circum-
ferential direction extending perpendicular to an axial friction
ring axis and the inner friction surface conically extends
along the friction ring axis at a pre-determinable friction
angle and the outer installation surface conically extends
along the friction ring axis at a pre-determinable installation
angle. In accordance with the invention the friction angle is
different from the installation angle.

It is essential for the invention that the friction ring is
configured so that the friction angle is different from the
installation angle. Thereby the trade-off between efficiency
and comfort in shifting that has long existed in the state of art
is reliably solved for the first time. This means that, on the one
hand, a high efficiency of the friction pairings is achieved by
the invention, thus a reinforcing effect is achieved, so that the
cone can generate large synchronizer torques despite small
operating forces. On the other hand, the known detrimental
self-locking effect, which prevents or at least impairs the
release of the friction surfaces and substantially and notice-
ably influences the comfort in shifting for the driver, is at the
same time practically completely avoided by the invention.
Thus it is possible for the first time by the invention that the
compromise between efficiency and comfort in shifting
required in the state of the art no longer has to be accepted.

The novel approach in accordance with the invention for
resolving this trade-off is to physically separate the function
which “generates synchronizer torque” from the function
which “releases the friction pairing,” which functions were so
far combined in one and the same friction pairing. The sepa-
ration is achieved by a friction ring having different cone
angles on its inner and outer diameters, which ring is prefer-
ably but not necessarily segmented. One diameter generates
the synchronizer torque by means of a force fit; the other
diameter ensures the reliable release of the force fit. Thus in
accordance with the invention an independent optimization of
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both functions with regard to their special requirements
occurs. By means of the invention, it was determined for the
first time that by physically separating the functions of the
synchronizer performance (generation of small shifting
forces and short shifting times) from the shifting quality
(secondary pressure point and self-locking effects) it is pos-
sible to resolve the known trade-off. In the classic design
known from the state of the art both functions are directly
connected to each other via the cone angle which led to the
illustrated previously identified unavoidable optimization
problems.

In this connection, also further essential requirements are
satisfied by means of the invention, which requirements are
essential in certain cases, in order to achieve the desired
result.

The design in accordance with the invention having an
installation angle different from the friction angle accommo-
dates the overall spectrum of requirements on torque capaci-
ties and comfort in shifting faced by today’s conventional
synchronizers. The components of the synchronizer unit in
accordance with the invention fit into the available installa-
tion space. The manufacture of components in accordance
with the invention is also possible using steel stamped parts,
which can thus be manufactured easily and cost effectively.
The components of the present invention, in particular the
friction ring, are suitable for the application and coating with
existing technologies and processes and are also suitable for
the friction materials available, wherein, at the same time, the
production costs and unit costs are at least the same or in
practice frequently lower than for the multiple synchronizers
known today.

The innovative solution approach of the present invention
namely of physically separating the two functions of synchro-
nization and releasing, is substantially achieved by a small
angle to the conical friction surface, which small angle
improves the performance or the torque capacities, and by a
large angle for releasing the system, by means of which the
negative influences of the self-locking effect are overcome,
which lead to a poor quality of shifting.

In a particularly preferred embodiment of the present
invention a further critical factor is also addressed: namely the
forces in the circumferential direction (F ) within the friction
ring. Depending on the application and the embodiment it is
namely possible that self-locking can occur on the gear cone
due to the small angle. In order to exclude this risk, the friction
ring can also be segmented.

An external force F is applied to the synchronizer ring
during the synchronization in a manner known per se. This
generates external radial forces which act on the segment
F,.; ThereactionforcesF, andF,, atthe friction surface are
in equilibrium and are the same forces that are known from a
conventional synchronizer. The external force is dissolved
after the synchronization, once the teeth of the sliding collar
have passed the teeth of the synchronizer ring. The large angle
cuts through a,<tan™'y1, and therefore there is no F,,, which
acts on the segments, and since there is no material stress
within the segments by means of the friction element not
being a fixed ring, the small angle separates since no internal
or external forces are acting on the small angle.

The invention further relates to a shifting transmission for
avehicle, in particular for a passenger vehicle, a transporter or
a commercial vehicle which shifting transmission has a syn-
chronizer ring in accordance with any one of the preceding
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following the invention will be explained in detail by
means of the schematic drawing. There is shown:
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FIG. 1a shows a friction ring in accordance with the inven-
tion having a segmented friction ring body in an expanded
configuration;

FIG. 15 shows the friction ring in accordance with FIG. 1a
shown in a contracted configuration;

FIG. 1c¢ shows a section along the sectional line I-I in
accordance with FIG. 1a;

FIG. 1d shows a portion of the friction ring in accordance
with FIG. 1a and FIG. 15 in perspective view;

FIG. 2a shows a second embodiment of a segmented fric-
tion ring in accordance with the invention having a radial
security against rotation;

FIG. 2b shows a perspective view of a portion of the fric-
tion ring in accordance with FIG. 2a;

FIG. 3 shows a simple embodiment of a synchronizer unit
in accordance with the invention; and

FIG. 4 schematically shows a friction coating arranged on
inner and outer conical surfaces of the friction ring.

FIG.1aand FIG. 15 respectively FIGS. 1¢ and 15 show one
and the same very simple embodiment of a friction ring in
accordance with the invention in a schematic illustration,
which friction ring has a segmented friction ring body,
wherein the friction ring is generally referred to in the fol-
lowing with the reference numeral 1.

In this respect FIG. 1a shows the friction ring 1 in an
expanded configuration, while FIG. 15 shows the same fric-
tion ring in a contracted configuration. FIG. 1¢ shows a sec-
tion of the friction ring 1 along the sectional line in accor-
dance with FIG. 1a for a better understanding, while a portion
of'the friction ring 1 in accordance with FIG. 1a or FIG. 15 is
shown in a perspective view in FIG. 14 in order to be able to
better see the security against rotation 5 extending along the
friction ring axis 4 of the friction ring 1.

The friction ring 1 in accordance with the invention in
accordance with FIG. 1a to FIG. 1d serves for the application
in a synchronizer unit 2 of a gear changing transmission, in
particular a gear changing transmission for a vehicle, more
specifically for a passenger vehicle, a transporter or a com-
mercial vehicle. The friction ring 1 includes a conical friction
ring body 3 having an inner friction surface 301 and an outer
installation surface 302, which outer installation surface 302
is preferably configured as a further friction surface. The
inner friction surface 301 and the outer installation surface
302 respectively bound the friction ring body 3 in a circum-
ferential direction U extending perpendicular to an axial fric-
tion ring axis 4. In this respect the inner friction surface 301
conically extends along the friction ring axis 4 at a pre-
determinable friction angle o, and the outer installation sur-
face 302 conically extends along the friction ring axis 4 at a
pre-determinable installation angle a,, wherein the friction
angle a, is different from the installation angle o, in accor-
dance with the invention.

As can clearly be seen, in particular in FIG. 1¢, the instal-
lation, angle a., is preferably larger than the friction angle a.,,
though in principle it is also possible for the friction angle o,
to be larger than the installation angle o.,.

As can clearly be recognized with reference to FIG. 1a and
FIG. 15, the friction ring body 3 is a segmented ring body 3 in
this special embodiment, which includes a plurality of sepa-
rate friction ring segments 31, 32, 33, thus three friction ring
segments 31, 32, 33 in the present special embodiment, which
form the friction ring body 3 in such a way that, in the
installed state, the friction ring body 3 has a first radius R, in
afirst expanded configuration in accordance with FIG. 1a and
in a second contracted configuration has a second radius R, in
accordance with FIG. 15.
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In this connection it is understood that a friction ring 1 in
accordance with the invention can also be composed of a
different number of friction ring segments 31, 32, 33, 34, for
example, also out of four friction ring segments 31, 32, 33, 34
as shown by way of example with reference to FIG. 2a and
FIG. 254 or also, for example, only of two friction ring seg-
ments or of more than four friction ring segments 31, 32, 33,
34.

In this composition at least one security against rotation 5
is particularly preferably provided at the friction ring body 3,
which security against rotation 5 preferably extends along the
friction ring axis 4 as one can particularly clearly see from
FIG. 1d.

In this connection FIG. 24 and FIG. 25 show the already
mentioned different embodiment of a friction ring 1 in accor-
dance with the invention in which the security against rotation
5 extends substantially perpendicular to the friction ring axis
4.

In this connection it is inherently understood that, indepen-
dent of the shown special embodiments, the number of secu-
rities against rotation 5 can be different depending on the
embodiment and that an arbitrary number of securities
against rotation 5 can be provided. In very special cases it is
even possible that the securities against rotation 5 are missing
at the friction ring 1 entirely and/or that, for example, other
measures can be provided which prevent a twisting of the
friction ring 1 in the operating state.

A friction coating, in particular a friction coating FC in the
form of a carbon friction lining, can particularly advanta-
geously be provided, as schematically shown in FIG. 4, at the
friction surface 301 and/or at the installation surface 302
which friction coating serves amongst other things to com-
pensate, at least in part, a resulting high mechanical load
and/or thermal load of the friction pairing and which is not
explicitly shown in the figures for reasons of clarity.

In this connection it is particularly advantageous when the
friction ring 1 is a part made of stamped steel or a formed
sheet metal part which in particular makes an industrial mass
production especially simple or cost effective.

The invention further relates to a synchronizer unit 2 hav-
ing a friction ring 1, as is schematically exemplified by means
of FIG. 3.

In addition to the friction ring 1 in accordance with the
invention, the synchronizer unit 2 in accordance with FIG. 3
further includes, in a manner known per se: a sliding collar 6,
a synchronizer ring 7, as well as a gear wheel 8, with the
aforementioned components being arranged coaxially to the
friction ring axis 4 such that, in the operating state, the syn-
chronizer ring 7 is moveable along the friction axis 4 together
with the friction ring 1 by means of the sliding collar 6 in the
direction of the gear wheel 8, so that the inner friction surface
301 can be engaged with the gear wheel 8.

In this connection the synchronizer ring 7 of FIG. 3 is
manufactured from stamped steel of conventional design. The
cone of the synchronizer ring 7 has the same large inner angle
o5, this means it is identical to the installation angle o, of
friction ring 1, with the synchronizer ring 7 having coupling
recesses for the segmented friction ring 1, which coupling
recesses are known per se and are not shown in detail. The
segmented friction ring 1 in accordance with FIG. 3 is con-
figured as three friction ring segments 31, 32, 33 of the same
size which is not shown in detail in FIG. 3 for reasons of
clarity. In accordance with the invention, the friction ring 1
has the installation surface 302 having the installation angle
o, in this connection with the installation surface 302 being
used as a separation surface. The inner cone of the friction
ring 1 is formed by means of the friction surface 301 having
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the friction angle o, wherein o, <a, applies. This inner cone
surface, i.e. the friction surface 301, is used for the synchro-
nization.

In the operating state the synchronizer ring 7 is moved
axially in the direction of the gear wheel 8, which gear wheel
8 is configured as a toothed gear, and the friction ring seg-
ments 31,32,33 ofthe friction ring 1 are thus also included by
the angle o,. The synchronizer ring 7 and the segmented
friction ring 1 are then simultaneously moved together onto
the gear wheel 8 and engage via the inner cone, i.e. the friction
surface 301 having the friction angle o, with the gear wheel 8,
which likewise has a corresponding matching female cone
having a cone angle ;. The synchronizer ring 7 can then
control and index in the manner of a conventional synchro-
nizer ring. The teeth of the sliding collar 6 are in contact with
the teeth of the synchronizer ring 7 and thus generate a torque
between the segmented friction ring 1 and the gear wheel 8 by
the differential speed.

Following the synchronization, when the differential speed
is equal to zero, the sliding collar 6 is axially moved, the teeth
of'the synchronizer ring pass and then the sliding collar 6 can
be engaged with the teeth of the flanks of the gear wheel 8. On
the basis of this contact there are no more axial forces acting
on the synchronizer ring 7. The large angle o, will separate
the system (angle>tan~'1). This results through the elimina-
tion of the forces in the circumferential direction of the seg-
mented friction ring 1. At this point the synchronizer ring 7
and the segmented friction ring 1 break away from the gear
wheel 8. The sliding collar 6 can subsequently pass the gear
wheel 8. The gear shift is then fully engaged.

In this connection at least two different options 1 and 2 are
specifically possible. For option 1 the friction surface or the
creation of torque on the inner cone of the segments having
the small angle ¢,. The large release angle a., is on the outer
cone surface of the segments.

In option 2, the friction surface has the small angle o, on
the outer cone of the segment. The large release angle ., is on
the inner cone surface of the segments, with option 1 being the
preferred concept in practice.

Finally the invention also relates to a gear changing trans-
mission for a vehicle, in particular for a passenger vehicle, a
transporter or a commercial vehicle, which gear changing
transmission has a friction ring 1 or a synchronizer unit 2 as
has been previously described in detail.

It is understood that all embodiments explicitly disclosed
in the present application are only to be understood in
examples of the invention and the invention, in particular also
covers all suitable combinations which can be used advanta-
geously for special applications and also all further embodi-
ments obvious to the person skilled in the art.

What is claimed is:
1. A synchronizer unit comprising:
a synchronizer ring configured to move axially relative to a
gear wheel when installed;
a friction ring comprising:
a first annular side facing the synchronizer ring;
asecond annular side facing away from the synchronizer
ring;
at least one security against rotation extending along a
center axis of the friction ring and projecting from the
first annular side;
an outer installation surface oriented at a first angle in
relation to the center axis of the friction ring;
an inner friction surface oriented at a second angle in
relation to the center axis of the friction ring; and
the first angle being greater than the second angle.
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2. The unit of claim 1, wherein at least one of:

the synchronizer ring is stamped steel or sheet metal mem-
ber; and

the friction ring is stamped steel or sheet metal member.

3. The unit of claim 1, wherein the synchronizer ring com-
prises at least one of:

an internal surface configured to be contact the outer instal-
lation surface; and

an internal conical surface.

4. The unit of claim 3, wherein an angle of the internal
conical surface is the same as the first angle.

5. The unit of claim 1, wherein the friction ring is config-
ured to expand and contract radially when installed.

6. The unit of claim 1, wherein the synchronizer ring com-
prises at least one of:

circumferentially arranged external gear teeth; and

circumferentially arranged external gear teeth and an exter-
nal section without external gear teeth.

7. The unit of claim 1, wherein the friction ring comprises
at least two spaced apart end surfaces that form a gap that
expands and contracts when the friction ring respectively
expands and contracts radially.

8. The unit of claim 1, wherein the friction ring comprises
two or more ring segments.

9. The unit of claim 1, wherein the outer installation surface
includes a friction material arranged thereon.

10. The unit of claim 1, wherein the inner friction surface
includes a friction material arranged thereon.

11. The unit of claim 1, wherein the outer installation
surface includes a friction coating arranged thereon.

12. The unit of claim 1, wherein the inner friction surface
includes a friction coating arranged thereon.

13. The unit of claim 1, wherein the at least one security
against rotation comprises plural securities against rotation.

14. The unit of claim 1, wherein, in an operating state, the
synchronizer ring and the friction ring are axially movable
along the center axis toward the gear wheel.

15. The unit of claim 1, further comprising a sliding collar
configured to move the synchronizer ring and the friction ring
toward the gear wheel.

16. The unit of claim 15, wherein the sliding collar com-
prises internal teeth configured to engage with external teeth
of the synchronizer ring and the gear wheel.

17. The unit of claim 1, wherein the inner friction surface is
utilized for synchronization and is configured to engage a
conical outer surface of the gear wheel.

18. A synchronizer unit comprising:

a synchronizer ring comprising an internal conical surface
and coupling recesses, said synchronizer ring being con-
figured to move axially relative to a gear wheel when
installed;

a friction ring that can expand and contract radially when
installed; and

said friction ring comprising:

a first annular side facing the synchronizer ring and
having a first thickness;

asecond annular side facing away from the synchronizer
ring and having a second thickness greater than the
first thickness;

at least one anti-rotation projection extending along a
center axis of the friction ring and projecting from the
first annular side;

an outer installation surface oriented at a first angle in
relation to the center axis of the friction ring;

an inner friction surface oriented at a second angle in
relation to the center axis of the friction ring;
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the inner friction surface being configured to engage
with an outer surface of the gear wheel when installed;
and

the first angle being greater than the second angle.

19. The unit of claim 18, wherein the friction ring com-

prises at least one of:

spaced-apart ends; and

plural ring segments.

20. A synchronizer unit comprising:

a synchronizer ring comprising an internal conical surface
and external gear teeth configured to engage internal
teeth of a sliding collar when installed;

said synchronizer ring being configured to move axially
relative to a gear wheel when installed;

a friction ring that can expand and contract radially when
installed; and

said friction ring comprising:

a first annular side facing the synchronizer ring and
having a first thickness;

10
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asecond annular side facing away from the synchronizer
ring and having a second thickness greater than the
first thickness;

plural anti-rotation projections extending along a center
axis of the friction ring and arranged on the first annu-
lar side;

an outer installation surface oriented at a first angle in
relation to the center axis of the friction ring;

an inner friction surface oriented at a second angle in
relation to the center axis of the friction ring;

a friction coating arranged on the inner friction surface;
and

the first angle being greater than the second angle,

wherein the inner friction surface is utilized for synchro-
nization and is configured to engage a conical outer
surface of the gear wheel when installed.

#* #* #* #* #*



